We explore the relationship between natural disasters and income inequality in Sri Lanka as the first study of this nature for the country. The analysis uses a unique panel data set constructed for the purpose of this paper. It contains district inequality measures based on household income reported in six waves of the Household Income and Expenditure Survey of Sri Lanka during the period between 1990 and 2013, data on disaster affected population and other economic and social indicators. Employing a panel fixed effects estimator, we find that contemporaneous natural disasters and their immediate lags significantly and substantially decrease inequality in per adult equivalent household income as measured by the Theil index. Findings are robust across various inequality metrics, sub-samples and alternative estimators such as Ordinary Least Squares and System GMM. However, natural disasters do not affect household expenditure inequality. Either households behave as if they have a permanent income or all households reduce their expenditure proportionately irrespective of their income level in responding to natural disasters. Natural disasters decrease non-seasonal agricultural and nonagricultural income inequality but increase seasonal agricultural income inequality. Income of richer households is mainly derived from nonagricultural sources such as manufacturing and business activities and non-seasonal agricultural activities. Poorer households have a higher share of agricultural income.
Introduction
Natural disasters disproportionally affect the poor. It is therefore often assumed that natural disasters increase income inequality. However, as Karim and Noy (2016) point out, there is little research on the impact of natural disasters on income inequality. This paper contributes with a study of Sri Lanka.
In the aftermath of a natural catastrophe, it is essential that affected agents should have access to timely and sufficient finances to ensure a smooth and speedy recovery (Keerthiratne & Tol, 2017) . Wealthy individuals are in a better position to meet this financial requirement through self-financing as they can use their savings for reconstruction, they are more likely to have bought insurance to cover any losses, and they have better access to loans and credit. Not only that, the rich are often better prepared for natural disasters as they can financially afford to have precautionary solutions to avoid or mitigate disaster damages. Further, the poor are more likely to have irregular income, so that every disruption, either due to the disaster directly or dealing with the aftermath, means a loss in income. As such, even within the same country, natural disasters would differently affect rich and poor individuals. Natural disasters may thus negatively affect the level of income of the poor leading to a widened income inequality in society.
Furthermore, disaster affected territories generally suffer economic damages by way of human and physical capital losses which usually cause declines in average incomes. Accordingly, this may lead to spatial disparities in average incomes ultimately increasing income inequality among individuals within the same economy.
As Karim and Noy (2016, p. 4) highlight, it is apparent from the existing literature that "poorer households are more vulnerable and will bear the direct damages of disasters disproportionally at higher levels and as higher shares of their household's income" compared to rich households (Datt & Hoogeveen, 2003; Kim, 2012; Masozera, Bailey, & Kerchner, 2007; Morris et al., 2002; Rodríguez-Oreggia, 2010; Tesliuc & Lindert, 2002; Toya & Skidmore, 2007) .
When a disaster strikes, the magnitude of its impact on an economy depends on characteristics of disaster itself and the prevailing conditions and socio-economic status of the affected territory as a whole. It appears that as a result of a similar natural disaster event more vulnerable poor countries suffer to a greater extent as opposed to their well-prepared wealthy counterparts.
Quoting the World Bank, McDermott, Barry, and Tol (2014, p. 751) highlight that 97% of deaths related to natural disasters occur in developing countries and poor countries experience extremely high economic losses as a share of gross national product than rich countries due to natural disasters.
Whilst arguing that natural disasters cause human and economic losses irrespective of the level of economic development countries have achieved, Yamamura (2015) employs panel data for 86 countries covering the period from 1970 to 2004 to examine how the occurrence of natural disasters has affected the income inequality, as measured by Gini coefficient. He finds that natural disasters increase income inequality in the short run, however, this is not observable in the long run.
As Karim and Noy (2016, p. 4) suggest "the direct impact of disasters on the poor (in magnitude, and relative to the rich) cannot be answered" fully by merely "examining the crosscountry distribution of costs and economic activity…the evidence on the distribution of the direct impact of a disaster within a country on households in various income levels is less well understood" as it clearly depends on country characteristics. As such, country level research is warranted in this field.
Using the Vietnam Household Living Standard Survey in 2008, Bui, Dungey, Nguyen, and Pham (2014) find that natural disasters increased income inequality among households in Vietnam in 2008. When natural disasters occur, households can suffer large losses in assets and income. However, poor may be more vulnerable to loss of income due to their inability to engage in work and the unavoidable sale of income deriving capital assets as a coping strategy.
If poorer households are less prepared for disasters; the poor lives in disaster prone areas and homes that are more likely to be damaged; and receives earnings mainly from sectors which are more likely to face downturn (e.g., weather dependent traditional agriculture), poor would bear higher income losses and natural disasters could cause greater income inequality.
Investigating the impact of Cyclone Aila in Sundarbans region in Bangladesh in 2009, Abdullah, Zander, Myers, Stacey, and Garnett (2016) establish that income inequality decreased after the Cyclone. Another very recent paper by Feng, Lu, Nolen, and Wang (2016) show that household income fell by 14 % due to 2008 Sichuan earthquake in China, however, income inequality did not change. These findings may be somewhat surprising on the face of it as one would expect natural disasters to exacerbate income inequality.
At subsistence level, people possess little that can be lost to a natural disaster. Losses for the wealthier groups would be disproportionately greater due to natural disasters. People on a monthly wage would not see their income affected by a disaster, but small business owners 5 would. Unskilled day labourers may find new opportunities in the reconstruction effort. In other words, the impact of natural disasters on income inequality is ambiguous.
Against this background, we study the impact of natural disasters on income inequality in Sri
Lanka at district level, as the first study of this nature. We find that natural disasters decrease income inequality among Sri Lankan households in line with the results of the aforesaid two studies on Bangladesh and China. Our data allow us to decompose income sources, so that we better understand the mechanisms.
The paper proceeds as follows. Section 2 describes data and empirical strategy. Results are discussed in Section 3 followed by Section 4 which contains robustness checks. Section 5 sets out concluding remarks with some policy implications and also recognises the limitations of the study.
Empirical Analysis

Data
Sri Lanka is a lower middle income country. Officially known as the Democratic Socialist
Republic of Sri Lanka, it is an island situated in the Indian Ocean just above the equator, bordering a major maritime route, the renowned 'Silk Route' connecting the western and eastern worlds. Sri Lanka is 65,610 km 2 in extent with a population of around 21.2 million. Sri
Lanka is divided into 25 administrative districts within 9 provinces. As reported in the latest 1990/91, 1995/96, 2002, 2006/07, 2009/10 and 2012/13 where the data are representative at district level. 
Empirical Model
We employ a panel regression estimator with district and time fixed effects as the main estimation strategy in our analysis. Fixed effects estimator is chosen since district and time fixed effects control for time-invariant spatial heterogeneity among districts and time-variant shocks that simultaneously affect all the districts, respectively. As such, this approach reduces any potential endogeneity issue.
The panel regression equation of the baseline model is as follows;
where income inequality as measured by Theil index in district i in Sri Lanka for survey time t is the dependent variable. Dis is our variable of interest, disaster impact measured as the percentage of population affected due to all natural disasters occurred during the survey year in each district. We also include lagged disasters in the regression. Given the data availability, for each survey time five disaster lags are included in the regression in addition to the current disaster variable. Terms and are the district and time fixed effects included in the model, respectively. The final term in the equation is the error term. Errors are clustered at district level.
We check against omitted variable bias by adding more control variables, such as median household income, headcount index, % of poor households and other indicators which reflect social and economic status of households. In addition to the Theil index, we employ other alternative inequality measures such as the Gini coefficient, inter quartile range and inter quintile range of average income as the dependent variable. We rerun regressions excluding the extreme survey waves, i.e., 2006/07 which was after 2004 tsunami and 2009/10 survey which was after the ending of war/terrorism, to ensure that results are not driven by these extreme waves.
Apart from the panel fixed effect estimator we use alternative estimators such as ordinary least squares (OLS) and System GMM to support our findings; see Arellano and Bond (1991) , Arellano and Bover (1995) , Blundell and Bond (1998) , (Roodman, 2009a) and (Roodman, 2009b ). Once we are convinced that natural disasters affect income inequality, we explore how natural disasters affect level of income itself, particularly in different quintiles. As it is evident that income of all quintiles is reduced in the presence of disasters we decompose inequality measured by Theil index into income components and compare results with the differences in income composition of poor and rich quintiles which explains findings. As we are using the household income and expenditure survey data, we investigate whether there is any relationship between household expenditure inequality and natural disasters. We expand our analysis to disaster subgroups and finally repeat our analyses excluding biological disasters as the mechanisms are so different.
Results
Base Model
Results of the baseline model are given in Table 2 . We find statistically significant negative impact of natural disasters that occurred in the same year, two years and three years prior to the survey on income inequality measured by Theil index. However, there appear to be a significant positive impact of natural disasters that took place 4 years before the survey on income inequality. Accordingly, an increase of current disaster affected population by one percentage point would reduce income inequality measured by Theil index by 0.0062 points, ceteris paribus.
As this interpretation may suffer from lack of immediate apprehension, we provide here a hypothetical illustration for clarity. Using the latest 2012/13 Survey data, national inequality measured by Theil index is 0.46008. If we deduct the income of each household in the 5th quintile by 0.483% and redistribute the proceeds equally among all households in the poorest quintile, the resultant Theil is 0.45388 (i.e. 0.46008 -0.0062). Thus, an increase in disasters to affect one extra percentage point of people is equivalent to a half percent income tax on the richest fifth for redistribution to the poorest fifth. In our regressions we cluster errors at district level. Since administrative policy implementation is mostly carried out at provincial level, we alternatively clustered at provincial level also considering the potential spatial correlation of natural disasters and found similar results.
Disaster impact on inequality of components of income
To disentangle the ways by which income inequality is decreased due to natural disasters, we decompose income into its components, and compute the Theil index for each component. Tables 3 and 4 reveal that the negative impact of natural disasters on income inequality is not driven by receipts (which include any disaster relief payments) or by any foreign or domestic remittances households receive after disasters. Natural disasters and their immediate lags significantly decrease non-agricultural income inequality and non-seasonal agricultural income inequality, but increase seasonal agricultural income inequality. Given the strict labour laws which ensure the rights of employees in formal employment, Sri Lanka does not see any effect of natural disasters on employment income inequality. Table 5 show the composition of household income varies across quintiles. Rich quintiles receive a higher share of their income from non-agricultural sources such as business activities and non-seasonal agricultural activities compared to the poor whilst the share of income the poor receives from these sources is much lower. Further, poorest households earn a higher share of income from seasonal agriculture most probably weather dependent, compared to the richest quintile. 
Robustness Checks
Additional Controls
The above results hold in the presence of other control variables, namely, real median household income, poverty head count index (HCI) and the share of poor households (Table   6 ). The HCI is the percentage of population below the official poverty line, which is based upon the real total expenditure per person per month; a household with members whose per capita expenditure is below the official poverty line is considered as a poor household (Department of Census and Statistics, 2015). 
Alternative inequality metrics
We check whether our results hold for different inequality measures such as Gini coefficient, inter quintile range for average income and inter quartile range. As shown in Table 7, disasters and their immediate lags reduce income inequality not only measured by the Theil index but also by the Gini coefficient and the inter quintile range of average income. Further, disasters occurred in the previous year seem to significantly reduce inter quartile range of income. When we run the regression for alternative inequality measures with current disasters only and additional relevant controls on access to safe drinking water and hygienic facilities, structure of the house and possession of movable properties which reflect socio-economic status of households, we observe that current disasters significantly decrease income inequality measured by alternative inequality metrics (Table 8 ).
Outliers
We exclude the survey wave 2006/07 which was after the Indian Ocean tsunami in December 2004 and the survey wave 2009/10 which was after the ending of 30 years long terrorist war alternatively and simultaneously, results still remain significant (Table 9 ). 
Alternative Estimators
As a further robustness check, we re-estimate the model using ordinary least squares (OLS) and, difference and system generalised method of moments (GMM) estimators. As apparent from Table 10 , alternative estimators, OLS and system GMM yield consistent results.
Difference GMM also yields consistent results at least with respect to the sign on the coefficient. In this exercise, we restrict our explanatory variables to current disasters and HCI.
The GMM uses lagged values of independent variables which are not strictly exogenous as internal instruments. Therefore, the inclusion of additional disaster lags in the model may complicate the process. 
Disaster impact on income
As shown in Table 11 , current natural disasters negatively affect mean household income whilst the disasters occurred in the previous year negatively affect median household income.
Income of the poorest quintile is reduced by current disasters and disasters occurred three years before. Income of the middle quintiles is reduced by the disasters occurred in the previous year.
Richest quintile's income is decreased by current disasters and disasters occurred two and three years before. So, we find clear evidence that income of all the quintiles is affected by natural disasters. 
Disasters and household expenditure inequality
We repeat our analysis for household expenditure inequality. As in the previous analysis, we calculate per adult equivalent household expenditure and then calculate district wise inequality measures for each survey wave. When we estimate our baseline specification using panel fixed effects estimator, we do not find any impact of natural disasters on expenditure inequality measured either by Theil index or Gini coefficient (Table 12 ). There may be two plausible explanations for this. One is that households suffer income losses due to natural disasters disproportionately across quintiles, however, they act as if they have a permanent income when it comes to expenditure and therefore do not change their spending behaviour. The other is that all the households reduce their expenditure proportionately across quintiles in the presence of natural disasters. Both scenarios would lead to no change in expenditure inequality among households due to natural disasters. 
Disaster Sub-Groups and income inequality
Accepting the fact that natural disasters differ in nature, intensity, duration and impact, we repeat our analysis by disaster sub-group. Table 13 shows a significant negative impact of geophysical, hydrological and meteorological disasters on different income inequality measures. Some argue that biological disasters are very different from other natural disasters. We therefore replicate the analysis excluding biological disasters from total disasters. This exercise derives similar results as for the base model (see Table 14 ). As shown in Table 15 , different natural disaster sub-groups affect mean, median household incomes and income across quintiles differently. 
Discussion and Conclusion
We explore the impact of natural disasters on income inequality in Sri Lanka at district level, the first study of this nature for the country. We construct a unique panel dataset for the purpose that includes inter alia district wise inequality/income measures and percentages of population affected due to natural disasters in each district for the six survey periods of the HIES series between 1990 and 2013. Using panel fixed effects estimator as the main empirical strategy we find that contemporaneous natural disasters and their immediate lags decrease district level income inequality as measured by the Theil index, and substantially so. These results are robust across alternative inequality metrics, sub-samples and alternative estimators. However, we do not find any evidence to the effect that natural disasters affect household expenditure inequality. This is possible if households do not change their expenditure patterns despite their income being affected by disasters or if they might reduce their expenditure proportionately across income quintiles as a result of disaster consequences.
Further analysis suggest that although natural disasters negatively affect household income across all the quintiles, rich quintiles disproportionately bear direct disaster damages at a higher cost. Even though the poor are more vulnerable to disasters, when the poor live a subsistence lifestyle and if they do not possess or own much material assets, their losses will be less compared to the rich. Rich may lose income deriving capital assets more due to destruction and through sale as a coping strategy. On the other hand, if the poor is mainly engaged in lowskilled or unskilled labour they can easily diversify their income sources in the aftermath of a natural disaster. Whilst the rich may suffer profit losses, disasters may open the poor a door for new opportunities. It is evident from our decomposition results that natural disasters decrease non-agricultural income inequality and non-seasonal agricultural income inequality.
Household income composition shows that the richest quintile receive a much higher share of their income from these very activities compared to the poor. When the rich suffers greater losses in profits and income due to disasters, it is inevitable that household income inequality would decrease, however, at the expense of the rich.
Our findings warrant policies to take care of the poorer individuals who are more vulnerable to disaster damages and moreover, to safeguard the interests of middle and higher income groups in disaster consequences.
To achieve effective poverty reduction and inclusive growth, the desired is a lower inequality in general. McKay and Pal (2004) present strong evidence that lower initial inequality has a favourable influence on subsequent consumption across many Indian states. Although, lower income inequality is desirable for poverty reduction and to achieve inclusive growth, as a low income inequality derived through higher damages caused to middle and richer quintiles does not reflect true distributive justice, change of inequality in the face of natural disasters should be read with caution. Further, policy makers should give sufficient consideration to natural disasters in designing and implementing policies to promote poverty reduction and inclusive economic growth.
Our study does not capture potential internal migration as a result of natural disasters which would otherwise have explained the decrease in income inequality. This would be a limitation to our analysis. Future research can address this issue although this study is constrained with data availability. Further, Sri Lanka is just one country out of many that face various natural disaster consequences and issues relating to distributive justice at the same time. Furthermore, as Sri Lanka is a lower middle income country with an economy oriented towards services and industry, it could not represent lower income countries which mainly depend on agriculture and are more vulnerable to disasters. Therefore, this analysis could be repeated for other countries with better data as an avenue for future research. Significant Impact
